Introduction
Chronic obstructive pulmonary disease (COPD) represents a significant cause of global morbidity and mortality. According to WHO estimates, 65 million people have moderate to severe COPD [1] . Estimates show that COPD will become the third leading cause of death worldwide in 2030. The number of people suffering from COPD in Poland may be as high as 2 million [2] . A significant population of patients is not diagnosed or is diagnosed only at an advanced stage of the disease [2, 3] . Effective management of COPD should include assessment and monitoring of the disease, reducing risk factors, and managing stable COPD and exacerbations. According to the GOLD 2018 guidelines [4] , the goal of treating COPD is to relieve symptoms, reduce the frequency and severity of exacerbations and improve exercise tolerance.
In the treatment of stable COPD long-acting β2 agonist (LABA) and long-acting muscarinic antagonists (LAMA) significantly improve lung function, dyspnoea, and health status, and reduce exacerbation rates [4] . LABA/LAMA combination therapy increases forced expiratory volume in 1 s (FEV 1 ) and reduces symptoms more effectively in comparison with monotherapy [4] . Treatment of COPD patients with LAMA/LABA combination is more effective than long-acting bronchodilator monotherapy for preventing exacerbations [4, 5] .
The dual bronchodilation effect of the fixeddose combination of indacaterol (IND) (LABA) with glycopyrronium (GLY) (LAMA) was examined in a series of studies. In the SHINE study, IND/GLY combination significantly improved trough FEV 1 compared with a single bronchodilator (IND, GLY, tiotropium) and placebo in patients with moderate-to-severe COPD [6] . Results of SHINE [6] and ENLIGHTEN [7] showed that the incidence of adverse events was similar in the IND/GLY and placebo groups. In another study, ILLUMINATE, FEV 1 standardised area under the curve from 0 to 12 h at week 26 was significantly higher with IND/ GLY compared with salmeterol/fluticasone, with a similar incidence of adverse events between treatment groups [8] .
In Poland, access of patients to IND, GLY and dual bronchodilators is well established nowadays. IND and GLY have been reimbursed in Poland since 2014 and a combination of those substances in one device from 2017 [9] . Furthermore, every formulation is available free of charge for patients aged ≥ 75 years [9] . Patients have greater access to this treatment in routine medical practice.
Research conducted in Poland in 2016 showed that the actual state of treatment differed from the official standards and needs. The LAMA and LABA/LAMA combined treatment therapies were underused. Furthermore, the use of combined medications in one device was not common. Specialists declared that half of the treatments recommended recently by general practitioners required modifications. The medications were administered via a separate inhaler in most cases [10] . Delayed access to medicines limited their implementation in clinical practice. Thus, treatment benefits key to more individualised therapy of COPD [4] could not be fully insured.
Evaluating patient-centred outcomes associated with COPD is likely to play an important role in the future research [11] . To understand the impact of routinely administered treatment with either IND or GLY or both used in combination on patient-reported outcomes, health status and level of dyspnoea were assessed in a population of Polish patients with stable COPD.
Material and methods

Study design
It was an observational, non-interventional, prospective, multicentre study in patients with stable COPD initiating treatment with IND and/or GLY as part of routine treatment. The study was conducted in accordance with the Declaration of Helsinki [12] and followed the International Society for Pharmacoepidemiology Good Pharmacoepidemiology Practices Guidelines [13] and STROBE standards [14] . All patients gave written informed consent before entering the study. The study results were described previously for the per-protocol population [15] . Currently, to reflect routine practice of COPD care and frequency of visits, patients missing one of the follow-up visits or having delayed visits were included in the analysis.
The study aimed to evaluate the effect of maintenance treatment with IND and/or GLY on quality of life and level of dyspnoea. The study included patients aged ≥ 18 years with a diagnosis of COPD with post-bronchodilator FEV 1 /forced vital capacity < 0.7 within 12 months prior to the first visit, with stable disease (no severe COPD exacerbation (exacerbation leading to hospitalization) for < 6 weeks before the first study visit), and additionally with no prior treatment with either IND or GLY within the previous 3 months. In order to enrol as broad a population of patients as possible, they were excluded only if they had asthma-COPD overlap, were unable to fulfil study demands or if they were participating in another clinical trial.
The decision to initiate treatment with IND and/or GLY was independent of the decision to enrol patients in the study. Patients were treated according to local routine clinical practice. At the initial visit patients started treatment with IND 300 μg or GLY 50 μg or the combination of IND 150 or 300 μg with GLY 50 μg and were assigned to respective study groups. Study visits and treatment monitoring procedures were made according to routine clinical practice at participating sites. During study visits quality of life and level of dyspnoea were estimated using the Clinical COPD Questionnaire (CCQ) [16] and the modified Medical Research Council (mMRC) scale [17] , respectively. To enable assessment of endpoints in time, the study included two subsequent follow-up visits after around 3 (V2) and 6 months (V3) after the initial visit (V1). To reflect the real-life frequency of out-patient visits, a visit occurring up to 4.5 months after the initial visit was considered as V2 and the subsequent visit as V3. Investigators were obliged to report all treatment-related and unrelated adverse events.
Statistical analysis
Patients' characteristics were summarised using the median and range or mean ± standard deviation (SD) for continuous variables, and counts and percentages for categorical variables. Comparisons between patient characteristics in groups were performed using the Mann-Whitney test or Student's t-test depending on the distribution of variables. Results of CCQ and mMRC were presented as the mean and standard deviation.
Comparison of CCQ and mMRC changes in time in each study group was made using the paired Wilcoxon test.
Results
Patient characteristics
The study was conducted from May 2015 to June 2016 in 32 centres in Poland. The study included 633 patients, of whom 47 were excluded from the analysis due to lack of possibility of verifying source data. Patients were divided into three groups depending on therapy initiated at baseline ( Figure 1 , Table I ). Over half of patients started treatment with GLY. Smoking history was reported by 92.6% of patients, and 47.4% had continued smoking (Table I ). 46.6% of patients experienced exacerbations in the 12 months before study entry. Previous maintenance therapy was used by 28.3% of patients.
Baseline patient characteristics were not balanced between groups. The FEV 1 values varied among the three groups. For patients in the IND/ GLY group, it was less likely that they had never smoked compared with patients in the GLY group. They were also older, had more moderate and severe exacerbations of COPD, were less likely to have used maintenance treatment before baseline, and had higher baseline CCQ scores compared with patients in the other two groups. Patients in the GLY group had a lower baseline mMRC score compared with IND and IND/GLY groups (Table I) . Five hundred and twelve patients (87.3%) attended the second visit (V2), which happened at a median of 3.06 months (range: 1.3-4.4) after the first visit. Eight patients did not participate in V2 but did attend V3, at > 4.5 months after the initial visit. Overall, 483 patients had the third visit (82.4%) which occurred at a median of 6.10 months (range: 3.7-8.8) after the initial visit (Figure 1) . Time intervals between V1 and V2, and V2 and V3 were similar (p = 0.79; Wilcoxon test, paired samples).
Quality of life
Patients with a CCQ score ≥ 3 at baseline consisted of 20.1% of all patients in IND and GLY groups (24/119 and 74/368, respectively), and 33.3% (33/99) in the IND/GLY group. The total CCQ score improved (score decrease) between V1 and V3 in all study groups. The mean CCQ total score ± SD changed significantly from 2.2 ±0.9 at baseline to 1.5 ±0.9 at 3 months, and to 1.2 ±0.9 at 6 months for patients treated with IND (p < 0.001). For patients treated with GLY the mean CCQ score ±SD decreased significantly from 2.1 ±1.0 at baseline to 1.4 ±0.9 and 1.0 ±0.9 after 3 and 6 months, respectively (p < 0.001). In the group of patients treated with IND/GLY the mean CCQ score 2.6 ±1.1 at baseline decreased to 1.6 ±1.0 and 1.3 ±1.0 at 3 and 6 months, respectively (p < 0.001) (Figure 2 ). These changes were consistent across symptoms, functional, and mental domains of CCQ and were all statistically significant. The percentages of 6-month observation completers who experienced minimal clinically important change (MCIC) of -0.4 points in CCQ [17] were 91.6% (76/83), 88.4% (84/95), and 82.6% (252/305), in IND/GLY, IND, and GLY groups, respectively. Treatment effects in subgroups of patients not receiving previous maintenance treatment and patients changing maintenance treatment or modifying treatment schemes were the same (results not shown).
Impact of treatment on breathlessness
The proportion of patients with a high level of symptoms, reporting a baseline mMRC score of 2 or more, was 85/99 (85.8%), 87/119 (73.1%), and 224/368 (60.8%) in IND/GLY, IND, and GLY groups, respectively. Level of breathlessness improved at 3-and 6-month follow-up compared to baseline in all study groups. In the group of patients treated with IND, the mean mMRC ± SD decreased from 2.1 ±0.9 at baseline to 1.5 ±0.9 and 1.4 ±0.9 at 3 and 6 months follow-up (p < 0.001). Mean mMRC ±SD changed from 2.1 ±0.9 at baseline to 1.2 ±1.0 at 3 months and remained stable at 6 months follow-up in the group treated with GLY (p < 0.001). For patients treated with combination IND/GLY mean mMRC ± SD decreased from 2.3 ±0.8 at V1 to 1.6 ±0.8 at V2 and 1.4 ±0.9 at V3 (p < 0.001) (Figure 2 ). Treatment effects in subgroups of patients not treated previously with the maintenance treatment and patients changing maintenance treatment or modifying treatment schemes were the same (results not shown).
COPD exacerbations
Data on baseline frequency of exacerbations that occurred 12 months before V1 are available 
Maintenance treatment
Each pharmacological treatment used by the patient at 6 months before baseline (V1) and at subsequent visits was categorised into one of five categories: inhaled corticosteroids (ICS), LABA (other than IND), LAMA (other than GLY), rescue medicines, and others. Figure 3 shows the reduction in the number of patients using additional treatments in each of the studied groups between V1 and V3. If the patient was using maintenance treatment at baseline (V1), IND and/or GLY were added or substituted it. Consequently, initiation of IND was a substitution of LABA in most of the cases and at the end of observation 34.7% of patients were using IND with LAMA. Almost half of the patients who initiated treatment with GLY at V1 were using it in combination with LABA at V3. Reduction of the use of ICS between V1 and V3 was highest in the group of patients using IND/ GLY -over 5 times fewer patients were using ICS at the end of the study compared with baseline. Around half of patients in each study group used short-acting medicines (Figure 3) . At V3, 41.1%, 31.5% and 30.1% of patients were using rescue medicines in IND, GLY, and IND/GLY groups, respectively. Triple combination therapy (LAMA/ LABA/ICS) was used by 19.2% of patients (n = 93) at the end of the study and was highest in the GLY group (24.2%, n = 74). At the end of the observation 20.0% and 25.5% of patients were using the LABA/LAMA combination in IND (n = 19) and GLY (n = 78) groups, respectively.
Safety
During the study, in 45 (7.7%) patients 159 adverse events were reported. V2 (n = 91) 9 (11.1%) 8 (9.9%) 0 (0%) 24 (29.6%) 9 (9.9%) V3 (n = 93) 5 (6.0%) 2 (2.4%) 0 (0%) 25 (30.1%) 9 (9.6%) Figure 3 . Change in use of maintenance treatment used before initiation (V1) of indacaterol (IND), glycopyrronium (GLY) and combination therapy of indacaterol and glycopyrronium (IND/GLY) at follow-up (V2 and V3). N indicates the number of patients in each group. All data are n (%). Bars show % of patients using maintenance treatment from a given group in V1, V2 and V3. Medicines were divided into five groups: ICS (beclomethasone, budesonide, ciclesonide, fluticasone, methylprednisolone), LABA (formoterol, salmeterol, vilanterol), LAMA (tiotropium), short-acting medicines (salbutamol, fenoterol, ipratropium) and others (theophylline) 
Discussion
In line with current GOLD recommendations [4] severity assessment in patients with COPD goes beyond lung function evaluation and includes frequency of exacerbations and assessment of symptoms including measures such as CCQ [16] and the mMRC scale [17] . These measures reflect the overall clinical status, supplement functional test information, and may be more significant to patients' everyday life [18, 19] .
The studied population comprised patients visiting physicians because of symptoms, and they were either receiving study drugs as first maintenance therapy or treatment intensification. The decline of lung function measured by FEV 1 followed the negative impact of COPD on a patient's health status. Quality of life and level of dyspnoea measures reflected the impact of the disease. Dyspnoea is the main symptom of COPD, usually the first reason for seeking medical help and the most important disability factor associated with the disease. In our study 82.1% of patients had a high level of symptoms of breathlessness with an mMRC score of 2 or more [4] . Quality of life was seriously compromised in 22.3% of patients with a CCQ score ≥ 3, associated with high mortality risk [20] . The study results showed that use of IND and/or GLY improved quality of life and symptoms of breathlessness within 3 months after initiation and the effect was maintained in the 6-month follow-up.
Physicians participating in the study could decide about the type of treatment initiated at V1 based on individual evaluation of patient health status. In groups of patients starting use of IND and GLY, 34% and 50% of them were using LAMA/ LABA-based regimens at the end of the study, respectively. Frequent use of GLY with LABA observed in our study is supported by recent results showing that the LAMA/LABA combination of GLY with formoterol caused a greater improvement in quality of life compared to the respective mono-components or placebo in patients with the highest baseline symptom burden [21] . Nevertheless, treatment outcomes achieved in GLY groups should be interpreted taking into account that every fourth patient was using triple therapy at the end of the study.
On the other hand, patients receiving IND/GLY combination in our study had an even higher demand for symptomatic control, compared with those in IND and GLY groups. They were less likely to have used maintenance treatment previously and had a higher frequency of exacerbations, including severe, and worse quality of life compared to groups receiving IND and GLY. Dual bronchodilation with IND/GLY effectively reduced the high burden of the disease and maintained improvement over time.
It has been shown that the IND/GLY combination provided significant, sustained, and clinically meaningful improvements in lung function versus the salmeterol-fluticasone combination, and was also accompanied by significant symptomatic benefit [8] . In our study the use of dual bronchodilation with IND/GLY resulted in significant reduction in the use of ICS, indicating the possibility of treatment regimen simplification and reduction of risks associated with ICS use (e.g., pneumonia and fractures). Experience from a real-life study conducted in Germany showed that ICS withdrawal is possible with no increased risk of exacerbations in patients with COPD managed in primary and secondary care [22] . In addition, use of IND and/ or GLY also reduced the need for use of short-acting medicines in every studied group. These medicines were mainly rescue medicines.
Safety profiles of IND and/or GLY were consistent with those previously reported. No new safety signals have been identified.
It must be stressed that treatment selection has been based on physicians' preference and judgement and this made the comparison between groups rather difficult due to large differences in groups' characteristics. A potential limitation of this study was the lack of standard timelines for assessment, which is common for studies following real-life practice. Assessments were performed according to patients' needs and individual visit schedule to help to decide on further treatment. Despite the fact that information about adverse reactions was rigorously collected during the study, it lacks information about reasons for treatment discontinuation.
The results of the study indicated that use of IND and/or GLY is a reliable therapeutic option for patients with COPD with or without exacerbation history and requiring symptomatic treat-ment. LABA, LAMA and their combinations are the backbone of COPD therapy today [4] . Our study supports the use of IND and/or GLY as a preferred treatment option in symptomatic patients with stable COPD, complementing similar data from randomised controlled trials. IND and/or GLY offer significant benefits for patients just starting their therapy and those not obtaining satisfactory results with current treatment. In each case, the decision about use of IND, GLY or dual bronchodilation based on IND/GLY combination depended on physician judgment and assessment of the patient situation. The study results gave information on the patient-reported perspective of IND and/or GLY effectiveness and their use in everyday clinical practice. By improving quality of life and symptoms control, use of IND and/or GLY provides opportunities for treatment regimen simplification in different populations of patients with COPD without compromises for efficacy and safety.
In conclusion, this analysis demonstrated that the use of IND and/or GLY improved quality of life and level of dyspnoea during 6 months of observation of patients with stable, symptomatic COPD. During 6 months of treatment, in each treatment arm, the rate of exacerbations decreased compared to the equivalent period before the baseline visit. The results of the study indicated that use of IND and/or GLY is a reliable therapeutic option for patients with COPD with or without exacerbation history and requiring symptomatic treatment.
